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INTRODUCTION
The medicated hydrogels are the hydrogels that possess some medicinal value within them. They are cross-linked polymeric gels that have water-holding and nonadhering properties. Hydrogels can be prepared with monomers, prepolymers, or existing hydrophilic polymers as starting materials. They are generally specified by two component systems. One of the components is hydrophilic, which has water insoluble three-dimensional polymer networks, and the second component is water. They may swell in water up to a large extent and reach the equilibrium state while retaining their original shape (1) .
In this article, we are reporting about the preparation technique of novel medicated hydrogels (i.e., PVP-CMC and PVP-CMC-BA). These hydrogels were developed by applying physical (moist heat sterilization) cross-linking technology followed by solution casting under aseptic environment. Already, different kinds of PVP-or PVA-based wound dressing hydrogels have been reported, but they were prepared by applying radiation cross-linking technology (1, 4, 7) . Many physical and chemical stimuli have been applied to induce responses of the smart hydrogel systems but for all time it is considered that physical stimuli are better than chemical stimuli. Moreover, it is essential to mention that physical stimuli included temperature, electric field, solvent, light, pressure, sound and magnetic field, and so on (18) . Among all physical cross-linking methods, the radiation technology has become popular for the preparation of hydrogel dressing due to some advantages: there are no side products such as wastes, sewage, fumes, and all the components used to manufacture the hydrogel dressings are safe and human friendly (19) ; moreover, the radiation technology is comparatively inexpensive and does not need extra laboratory setup (4) . Even though there are many advantages in radiation technology the area of radiation processing on natural polymeric material largely remain unexplored as most of the biopolymers are degraded when exposed to radiation (20) . Still, the physical cross-linking methods like heating, drying, and irradiation are commonly applied to biopolymer (21) . To overcome this drawback of irradiation cross-linking method on biopolymers, the moist heat treatment was applied (22) as the medicated hydrogel was prepared in combination with synthetic and natural biopolymers.
The main objective of this study was to produce hydrogel for health care that may also comprise the antiseptic and antimicrobial properties to improve the rate of healing of burns and wounds. The PVP-CMC hydrogels with and without BA were prepared and characterized and their physical appearance, physico-chemical structure, water uptake capacity, rheological, mechanical, and antimicrobial characteristics are described in this article.
EXPERIMENTAL Materials
Polyvinylpyrrolidone K 30 (PVP: molecular weight 40,000), polyethylene glycol 3'000 (PEG: average molecular weight 3,015-3,685) and agar were obtained from Fluka, Switzerland; sodium carboxymethyl cellulose (CMC) was purchased from Sinopharm Chem. Reagent Co., Ltd, China; boric acid (BA) from Sigma-Aldrich, USA, and glycerin obtained from Lachema Ltd, Czech Republic.
Preparation of Medicated Hydrogels
The ingredients used for the preparation of medicated hydrogels were PVP, CMC, BA, PEG, agar, and glycerin. Among the components present in the resultant hydrogel PVP and CMC function as base polymers, PEG performs as healing promoter (23) , glycerin acts as a humectant (24) , and agar serves as a gelling agent that can promote the formation of a hydrogel on cooling of the solution since the gel is formed due to the formation of helices and its association (25) . BA acts as an antiseptic and an antimicrobial agent (26) . It is easily mixed with the solution of PVP-CMC-PEG-Agar-Glycerin. The polymer solutions were prepared in sealed bottles. Then, after moist heat treatment (15 lbs, 120°C, 20 min) was applied it was followed by solution casting (20 ml polymer solutions were poured) into Petri dishes (80 mm diameter). The mixture of polymer solution was then allowed to cool at room temperature (20-22°C) under an aseptic environment to achieve the desired hydrogels. The hydrogel without BA was designated as "PVP-CMC" and the hydrogels with BA as "PVP-CMC-BA." The composition of the hydrogels is shown in Table 1 where the employed concentration of BA in hydrogels is within the permissible limit for medical application (0-4%) according to the literature. Further, just after preparation of hydrogel the final product is designated as "fresh" or "before dry" and after drying termed as "dry" and finally, after swelling named as "swollen."
Scanning Electron Microscopy (SEM)
Hydrogels interior morphologies were evaluated by scanning electron microscopy (SEM) analysis (VEGA II LMU (TESCAN) operating in the high vacuum/secondary electron imaging mode at an accelerating voltage of 5-20 kV). The freeze dried samples of before dry PVP-CMC and PVP-CMC-BA hydrogels were analyzed. The hydrogels were frozen under -81°C for 72 hours and then lyophilized (ALPHA 1-4 LSC, Labicom s.r.o, Czech Republic) for 24 hours. Thereafter, the samples were sputter coated with a thin layer of palladium/gold alloy to improve the surface conductivity and tilted 30 for better observation. The surface views as well as the cross-sectional views of the hydrogels were taken at magnification of lOOx-lOkx. 
Fourier Transform Infrared (FTIR) Spectroscopy
Pure PVP, CMC, BA, and hydrogels of PVP-CMC and PVP-CMC-BA with 3% BA (both in before dry and dry condition) were analyzed by FTIR, The ATR-FTIR spectroscopic analysis was conducted by using a NICOLET 320 FTIR Spectrophotometer with "Omnic" software package over the range 4,000-600 cm" 1 at room temperature. A uniform resolution of 2 cm -1 was maintained in all cases.
Measurement of Water Absorptivity
The degree of swelling could be described as water absorptivity of the hydrogel following Eq. (1) (1, 2V, 28). The dry films of PVP-CMC and PVP-CMC-BA (0-4% BA) were obtained by drying the hydrogels at room temperature until they reached constant weight. The water absorptivity test was performed at room temperature. Small pieces (1 cm 2 ) from the dry films were weighed and immersed in distilled water as well as in physiological saline solution, which contains 0.89% NaCl (29) . After the specified time intervals the water on the swollen gels was wiped off with tissue paper and the weights of specimens were determined. In each case, an average value of three samples has been represented in the graph to minimize error. The degree of swelling corresponds to the water absorptivity of the material, which is defined by Eq. (1) where W s and W d are weights of swollen gel and dried gel, respectively.
Measurement of Viscoelastic Properties
The dynamic viscoelastic behavior of hydrogels of PVP-CMC and PVP-CMC-BA (0-4% BA) was investigated by using a parallel plate rheometer (ARES; Rheometries Scientific, USA) testing machine with an "RSI Orchestrator" software package. A 25 mm diameter parallel plate measuring geometry, with a gap of about 2-3 mm was used for the measurements under small strain amplitude (1%) to maintain the measurements within the linear viscoelastic region (LVER). Dynamic frequency sweep tests were carried out at 28°C to observe the storage modulus (G') and loss modulus (G") as a function of a wide range of angular frequencies (co\ 0.1-100 rad/s). In each case, three samples from the same composition were measured.
Measurement of Mechanical Properties
The mechanical properties of both before dry and 30 and 60 min swollen samples were measured by an Instron model 8871, UK in compression mode at room temperature (25°C) and 24% relative humidity with a load cell having a full-scale range of 1.0 KN. The before dry and swollen hydrogel samples (25 mm diameter, 4-6 mm thickness ) were placed on the top plate of a compression load cell and compressed by a cylindrical-shaped metal disc at a constant crosshead speed of 0.5 mm/min until the fracture of the hydrogels occurred. Compressive modulus E 0 in the low range of compressive strain (0-0.1 mm/mm), E in the middle range (0.1-0.2 mm/ mm), compressive stress at fracture <r c and compressive strain at fracture 7 C were measured from the stress-strain curve and were used to represent the hydrogel mechanical property. The average value of two measurements for each sample was taken.
Assay of Antimicrobial Property
The antimicrobial properties of PVP-CMC and PVP-CMC-BA hydrogels were investigated by agar diffusion method (30, 31) . Antimicrobial characteristics of these hydrogels were examined on the basis of the dimension of inhibition zone generated in the presence and absence of pathogenic bacteria like Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, and Pseudomonas aeruginosa and fungi like Candida albicans and Candida parapsi-losis.TYve antibacterial assay was conducted in a sterile nutrient agar (2%) medium that was inoculated with the aforementioned bacterial strains under aseptic condition. After solidification of nutrient agar, a piece of hydrogel (15 mm diameter) was placed on the surface of the medium. The testing plates were then incubated in a temperature-controlled incubator at 37°C to observe the effect of PVP-CMC and PVP-CMC-BA hydrogels on the growth of individual bacteria. The antifungal assay was conducted at 30°C using malt extract agar (2%) medium in the same manner using the procedure described earlier. Figure 1 shows the physical appearance (optical view) of the medicated hydrogels of PVP-CMC and PVP-CMC-BA before and after drying. It can be seen from Fig. 1 (a) and (b) that during the fresh state (before drying) both the hydrogels PVP-CMC and PVP-CMC-BA look similar in shape, size, and texture (i.e., round, whitish, semitransparent, soft rubber-like). But, when they are dried, their appearance is changed as shown in Fig. 1 (c) and (d) . After drying the PVP-CMC hydrogel becomes almost like a thin, transparent, and flexible film but maintaining its own shape. On the other hand, the presence of BA is clearly visible as white dots all over the film of PVP-CMC-BA although other characteristics are not very much affected. The appearance of white dots, which exhibits the presence of BA in hydrogel, varies according to the concentration of BA%. Boric acid (BA) is white crystalline solid material. It is soluble in hot water up to a certain limit. In our case, the polymer solution with BA is prepared under moist heat condition with 3% BA, which is easily dissolved in the solution. As a final product of hydrogel (before drying), it contains more than 90% of water, so BA remains dissolved in water and forms some hydrogen bonds too. But, when the hydrogel is allowed to dry, the water evaporates during drying process and the BA reaches to its saturation and re-crystallizes, which appears as white dots. The optical view of the medicated hydrogels has been examined to understand the changes in physical appearance between fresh (before drying) and dry states. Figure 2 represents the interior morphologies of medicated hydrogels PVP-CMC and PVP-CMC-BA (3% BA). Figure 2 . From all the images, it is clearly understandable that both PVP-CMC and PVP-CMC-BA blend materials are hydrogels having three-dimensional network structure. In comparison to PVP-CMC, PVP-CMC-BA contains denser porous-network structure (Fig. 2 (c) and (d) ). This difference in morphology between the two hydrogels could be explained as the influence of BA. Here, BA is performing the role of partial cross-linking agent, which causes denser cross-linking network structure in PVP-CMC-BA.
RESULTS AND DISCUSSION
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FTIR Spectroscopy
FTIR spectra of pure BA, PVP, CMC and fresh hydrogels of PVP-CMC and PVP-CMC-BA are shown in Fig. 3 (a) . The FTIR spectra of other components are not mentioned for the sake of simplicity. Some characteristic peaks in PVP spectrum can be ascribed as: 1,281 cm -1 for C-N stretching vibration, 1,658 cm -1 for C = O vibration (2). In the case of PVP-CMC hydrogel, the 1,658 cm -1 peak of PVP, and 1,588 cm -1 peak of CMC become a single broad peak (1,628 cm -1 ). This suggests that there is cross-linking of CMC or grafting of CMC and other ingredients of hydrogels are linked with PVP chains in PVP-CMC blend matrix. Pure BA shows two large peaks at 1,401 cm -1 and 1,189 cm -1 ( Fig. 3 (a) ). Subsequently, to compare the interaction of BA with the PVP-CMC blend matrix, FTIR spectra of PVP-CMC and PVP-CMC-BA (both in before drying and dry) are represented in Fig. 3 (b) . From these FTIR spectra of hydrogels presented in Fig. 3 (b) , it is impossible to justify whether there is some interaction of BA with PVP-CMC polymer blend as there is no significant new peak appeared in PVP-CMC-BA hydrogel, neither in before dry nor in dry state. Only, the existence of BA in PVP-CMC-BA hydrogel is established by FTIR study. The peak characteristic of BA at 1401 cm -1 and 1189 cm -1 appears almost at the same position in the FTIR spectra PVP-CMC-BA as of pure BA despite the intensity of peaks are reduced. 
Factors Affecting on Swelling
One of the main characteristics of wound dressing hydrogels is the capacity to absorb fluids (blood plasma or serum) from wounds; thus, it is important to know the factors affecting the swelling behavior and degree of swelling of any newly developed hydrogels. Fluid absorption capacity also depends on composition of hydrogel, external physical influences like temperature, pH, time, types of fluids, and so on. The ability to swell and the extent of swelling of hydrogels are mainly governed by two factors: the hydrophilicity of its polymer chains and the crosslinking density (2) . Swelling behavior of the hydrogels was measured using distilled water instead of blood (as blood plasma contains about 90-92% of water) and in physiological saline solution (0.89% NaCl), whose osmotic pressure is approximately equal to that of human tissue fluid (32, 33) . The swelling behavior of dry PVP-CMC and PVP-CMC-BA hydrogels in distilled water and in physiological saline solution is represented in Fig. 4 . It can be seen from this figure that types of fluid and composition of hydrogel have great influence on degree of swelling. PVP-CMC hydrogel always shows the higher degree of swelling compared to PVP-CMC-BA. The noticeable difference in water uptake capacity was because of the incorporation of BA in hydrogel and salt concentration gradient in fluids. BA increases the cross-linking density in PVP-CMC-BA, which in turn decreases the swelling property of the hydrogels. Figure 5 represents the effect of BA on the swelling behavior of dry PVP-CMC-BA hydrogels in distilled water. The swelling study was performed up to 360 min and the result showed that the PVP-CMC-BA hydrogel with 0% BA demonstrated significantly higher water absorption property than the PVP-CMC-BA (1-4% BA) hydrogels. In each case, the swelling property of the hydrogels increases with time. The PVP-CMC hydrogel without BA reaches to equilibrium condition within 90 min, whereas in the case of each PVP-CMC-BA hydrogel the degree of swelling value reaches to equilibrium condition after around 180 min. On the other hand, it is noticeable that the degree of swelling decreases gradually with the increasing concentration of BA in hydrogels. That may be explained as the concentration of BA increases; it creates more cross-linking into the hydrogels, which causes lowering in degree of swelling. Because some amount of intermolecular hydrogen bonding of this component is broken by water, intramolecular hydrogen bonds are formed in appropriate sequences together with cross-linking with boric acid (34) .
The swelling behavior of the polymeric hydrogels is based on the theory that there is a network of chains of polyelectrolyte containing ionizable groups, and the mobile counterions in the gels develop a large swelling pressure due to some intermolecular non-covalent interaction, such as cou-lombic repulsion, hydrogenbonding, and polar forces (2, 35) . Thus, the polymeric interactions increase and cause a very high sorption rate.
Viscoelastic Properties
Viscoelasticity denotes the combination of viscous and elastic properties in a material with the relative contribution of each being dependent on time, temperature, stress, and strain rate (36) . It has been reported that the viscoelastic properties of hydrogels correlate strongly with their microstructures and can provide useful information for modulating strongly with their performance characteristics (36, 37) . Moreover, in the swollen state the mass fraction of water in a hydrogel is much higher than the mass fraction of the polymer (2), which may affect the rheological behavior of hydrogels in the swollen state. In the PVP-CMC-BA hydrogel, BA plays significant roles in the absorption of secreted fluid from the wound, maintaining the elasticity of the hydrogels besides inhibiting the pathogens, which is one of its usual characteristics. Thus, the effect of BA on viscoelastic properties of PVP-CMC-BA has been evaluated. Figure 6 represents the effect of BA concentration (0-4%) on storage modulus (G 5 , unfilled symbols), which denotes elastic property and loss modulus (G", filled symbols) which represents viscous property of hydrogels with respect to angular frequency (u>) for fresh samples. From Fig. 6 , it is clear that concentration of BA in hydrogel also has a significant influence on rheological properties. The hydrogel without BA shows the lowest values in G' and G", but the values of G' and G" increase as the concentration of BA increases up to 3% and then starts to decrease, which may be due to the action of residual BA, which acts as a lubricant. This indicates that the PVP-CMC-BA with 3% BA is the most elastic among the other BA-based hydrogels. From the aforementioned explanation, it is understandable that 3% BA will be ideal for PVP-CMC-BA hydrogel preparation. Thus, the rest of the investigations were carried out using PVP-CMC-BA hydrogel with 3% BA.
It is expected that when a material absorbs water or any liquid its property is changed. Similarly, when a dry hydrogel is absorbing water it starts to swell and its viscoelastic property changes gradually with time. As mentioned before, the storage modulus (G') provides information about elastic property and loss modulus (G") gives information about viscous property of hydrogel. Fig. 7 shows the comparative effect between two hydrogels: PVP-CMC and PVP-CMC-BA with 3% BA of their state (fresh/before dry and after swelling) on G' (unfilled symbols) and G" (filled symbols) with respect to angular frequency ( U J ) . In each and every state of the samples of PVP-CMC and PVP-CMC-BA, the values of G' are higher than G" in the whole range of angular frequency. Figure 7 (a) shows viscoelastic properties of the fresh hydrogels, whereas Figs. 7 (b-d) displays the viscoelastic properties of the same hydrogels when they are swelled in distilled water from dry state for 15, 30, and 60 min. From Fig. 7 (a) , it is clearly visible that both the hydrogels are elastic in nature. PVP-CMC-BA is more elastic than PVP-CMC because incorporation of BA is responsible to develop more cross-linking in the hydrogels.
From Figs. 7 (b-d) , it is clear that after swelling the elastic moduli (G') are lowered for both hydrogels. PVP-CMC-BA still keeps up its predominating rubbery nature as G' are about one decade higher than G". But, in the case of PVP-CMC, after swelling G" values reach near to the G' values, shifting toward viscous nature. During swelling some bonds in the hydrogel cross-linking network are broken by hydration energy for both the hydrogels, and also BA starts to diffuse from hydrogels in water. So the G' values decrease after swelling. The presence of BA in PVP-CMC-BA helps the hydrogel to remain still elastic after swelling, whereas more structural changes occur for PVP-CMC. From these Figs. 7 (b-d) , it is clear that swelling time does not affect much on the viscoelastic behavior of PVP-CMC and PVP-CMC-BA hydrogels. These types of curves are typical for gels, which have been also observed for other types of gels (36, 38) .
Furthermore, there are several factors that affect the viscoelastic property of gel, such as the composition and the concentration of the dispersed materials and the lag time between preparation and measurement (39) . As a whole, the viscoelastic behavior of the gels depends strongly on the mechanism of gel formation. The formation of the three-dimensional network structure and its mechanical property is influenced by covalent bonding, crystallization, and molecular secondary forces like hydrogen bonding, molecular entanglements, and hydrophobic interactions (37) . From this point of view of storage and loss moduli, where the dependence of swelling time and angular frequency on both moduli are different, it is considered that the influence of the mechanism of structural change by the reduction of cross-linking density with the existence of BA is also different in case of both moduli.
Mechanical Properties
The comparison of mechanical properties between fresh (before drying) and 30 and 60 min swollen samples of PVP-CMC and PVP-CMC-BA hydrogels are shown in Table 2 . The initial thickness of before drying hydrogel samples was 6 mm. These 6 mm thick hydrogels were dried and used to investigate the effects of swelling after 30 and 60 min on compressive properties of hydrogel. It can be seen from Table 2 that in case of before drying samples the compressive modulus E 0 and E of PVP-CMC-BA is higher than those values of PVP-CMC. But, after swelling (30 and 60 min) PVP-CMC hydrogel shows higher values of both E 0 and E than those of PVP-CMC-BA. These results can be explained this way; BA is responsible for the development of more cross-linking in hydrogel as it acts as a partial cross-linking agent too. Those condense cross-linking structures (Figs. 2 (c) and (d) ) influence to exhibit better mechanical properties in before drying samples of PVP-CMC-BA. But, when the thick hydrogels (about 6 mm) are in progress to swell after drying, BA starts to diffuse from the surface, but not diffuse from the inner part of the hydrogel completely within the observed swelling time (30 and 60 min) because PVP-CMC-BA hydrogel is not swelled up to its equilibrium condition. For this reason, it is impossible to determine the actual mechanical properties of swollen PVP-CMC-BA hydrogel. An example of compressive behavior of PVP-CMC-BA is shown in Fig. 8 by plotting a stress-strain curve up to fracture. 
Antimicrobial Property
The antimicrobial property of hydrogel is necessary to be determined before recommending the hydrogels for health care application as the presence of pathogenic microbes like bacteria (Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumonia) and fungi (Candida albicans and Candida parapsilosis), which are quite common on wound infection, wound burn, or on sudden injuries. Fig. 9 shows antibacterial effects of the hydrogels on various bacteria: (a) Staphylococcus aureus, (b) Escherichia coli, (c) Pseudomonas aeruginosa, and (d) Klebsiella pneumonia,whereas, Fig. 10 represents the antifungal effects on fungi like (a) Candida albicans and (b) Candida parapsilosis through the formation of zone of inhibition. It can also be seen from Figs. 9 and 10 that PVP-CMC hydrogel does not have antimicrobial effect but PVP-CMC-BA hydrogel shows strong antimicrobial effect in the presence of both bacteria and fungi. BA shows significant influence in achieving antimicrobial property within PVP-CMC-BA hydrogel. Incorporation of BA (3%) in hydrogel is proven to be an effective concentration to develop antimicrobial property in the hydrogel, which comes within the permissible limit from the health care point of view (16) .
CONCLUSIONS
The objective of the study was to develop a novel medicated hydrogel dressing based on boric acid. Incorporation of BA, having antiseptic, antibacterial, and antifungal properties, in hydrogel is an innovative attempt for application in medical devices. Hydrogel with 3% BA has been selected considering its permissible limit of dose as a medicine (16) . From the experimental results of SEM microstructure, swelling property, viscoelastic, and mechanical properties, it was confirmed that BA in current work not only acts as an antimicrobial agent but also fulfills partially the role of a "crosslinker." It can be assumed that the acid group (-COOH) of CMC may react with hydroxyl group (-OH) of boric acid and glycerin, as a result form the chelate structure through ester linkages, which exhibits the dense porous network structure. The PVP-CMC hydrogel having the permissible limit of boric acid (3%) for health care application, demonstrated quite a good antimicrobial property in presence of skin infection causing bacteria and fungi, thus, this hydrogel could be recommended for its appliance as a wound dressing material to protect and prevent wounds from infections. All the experimental results suggest that the hydrogel of PVP-CMC-BA will be an ideal wound dressing material compared to PVP-CMC.
